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Abstract. Searches for supersymmetry in the framework of R-parity conserving models have been 
performed in data collected by the DO detector at the Tevatron pp collider at a center-of-mass 
energy of 1.96 TeV. Topologies analyzed consist of acoplanar-jets, multijets, and leptons with large 
missing transverse energy in the final state. The 1 fb _1 data shows good agreement with the 
standard model expectations. The improved mass limits at 95% CL have been derived. In the first 
search, generic squarks and gluinos productions are investigated and lower limits of 375 GeV and 
289 GeV are derived on the squarks and gluino masses, respectively, with tan(/3) = 3, Aq = and 
H < 0. In second analysis, squarks are searched for in a final state that has r leptons accompanied 
by jets and missing transverse energy. This channel is explored for the first time at the Tevatron 
and excludes squark masses < 366 GeV. Supergravity inspired models suggest the existence of 
light supersymmetric partners of the third generation quarks: a light stop for moderate values of 
tan(/3), a light sbottom for large tan(/3). If stop is the next-to-lightest supersymmetric particle, the 
expected decay channel is i — * cxI with \i assumed to be the lightest supersymmetric particle. 
Using this channel, stop masses < 149 GeV and neutralino masses < 63 GeV are excluded. If there 
is a mass hierarchy between stop, chargino and sneutrino masses, stop is expected to decay via 
t — > blii where I could be an electron or muon. The search performed with both electrons, muons 
and dimuon final states excludes stop mass < 186 GeV for sneutrino mass of 71 GeV. 
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1 Introduction 

Supersymmetry (SUSY) may provide a solution to the 
fine tuning problem if the supersymmetric particles 
have masses less than 1 TeV, strongly motivating the 
searches for SUSY objects at the Tevatron. Squarks 
and gluinos being the superpartners of strongly in- 
teracting particles in standard model should be co- 
piously produced at Tevatron. If squarks are lighter 
than gluinos they will tend to decay via q — > q\\ 
and their pair production will yield an acoplanar dijct 
topology with missing transverse energy carried away 
by the neutralinos that are assumed to be lightest su- 
persymmetric particles. On the other hand if gluinos 
are lighter than squarks, their decay via g — » qqxl will 
result in a final state having large number of jets and 
missing transverse energy. 

For moderate values of tan/3, SUSY models favor the 
existence of light supersymmetric partners of third gen- 
eration quarks and lepton in particular f and t. Their 
decay will lead to lepton, jets and missing transverse 
energy in the final state. The following sections de- 
scribe several searches for squarks and gluinos per- 
formed by DO using 1 fb _1 of data. 
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2 Generic Search for Squarks and Gluinos 

This analysis searches for squarks and gluinos in dijet, 
three jets and four or more jets plus missing transverse 
energy final states without identifying the flavor of the 
jet pp. The dijet analysis corresponds to the case where 
TYiq < nrig and their decay leads to at least two jets in 
the final state. The three jet analysis refers to the sit- 
uation when nig ~ rriq while the presence of four or 
more jets describes the situation where rrig < nig and 
is referred to as "gluino analysis" . The backgrounds for 
these channels are vector boson production in associ- 
ation with jets, multijet production, dibosons, single 
top, and top pair production. The selection criteria 
include cleaning up the events, selecting high px jets, 
requiring large missing transverse energy and making 
sure that the jets are well separated not only from each 
other but also from the J^t direction. 
Figure[T]shows the distributions for^r f° r "dijet" anal- 
ysis after applying all analysis cuts except the cut on 
I$t- After reducing the multijet production, signal to 
background ratio is enhanced by optimizing the cuts 
on two variables $t and Ht where Ht is scalar sum of 
Pt of all jets. The values of optimized cuts, final num- 
ber of expected and observed events in three analyses 
are shown in Table[T] Since no excess is observed in the 
analyzed data over the expected SM background the 
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lower limits on squark gluino masses are set. Figure 
[5] shows the region in squark and gluino mass plane 
excluded by this analysis. 
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Fig. 1. lf,T distribution before applying the optimized cut 
on Ht and $t in "dijet analysis" . 



at least one tau lepton decaying hadronically[2]. The 
search is motivated by the fact that the supersymmet- 
ric partner of t lepton could be the lightest slepton 
due to the large mass splitting between the two scalar 
partners of r leptons. Figure [3] shows the squark pair 
production and decay chain into tau final state. 
Candidate events are selected by requiring high pt jets 
and a large amount of missing transverse energy which 
is well separated from jets. The selection criteria also 
include requiring at least one hadronically decaying 
tau candidate identified via its 1-prong or 3-prong de- 
cay using a neural network algorithm optimized for 
tau identification. The transverse momentum carried 
by r lepton must exceed 15 GeV and r should be well 
separated from the jets in the event. 
The largest standard model background for this chan- 
nel is top pair production. The invariant mass recon- 
structed from a r lepton and Pt is shown in Figure 
S] which elaborates the fact that data is well described 
by the prediction from standard model processes. 
The selection for two variables Ht and $t is further 
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Fig. 2. In the squark gluino mass plane, regions excluded 
by the generic squark gluino analysis search. 



Table 1. Different analyses and corresponding number of 
expected background and observed events in generic squark 
gluino analysis search. 
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Events 


"dijet" 


> 300 


> 225 


7.47 ± 1.06 


5 


"3 jets" 


> 400 


> 150 


6.10 ± 0.37 


6 


"gluino" 


> 300 


> 100 


33.35 ± 0.81 


24 



3 Search for Squarks with Taus in Final 
State 

This analysis searches for squarks in multijet events 
accompanied by large missing transverse energy and 





Fig. 3. Schematic diagram of pair production of squarks 
decaying into tau via exchange of chargino. 



optimized by minimizing the expected upper limit on 
the cross section in the absence of the signal. Figure [5] 
shows the resulting expected and observed lower lim- 
its in the (mo, mi/2) plane of the mSUGRA framework 
with tan (3 = 15, Aq = -2mo and \x < 0. This analy- 
sis excludes squark masses (averaged over 10 squark 
species) up to 366 GeV at the highest value of tuq of 
the limit contour. 
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Fig. 4. Invariant mass reconstructed from a tau lepton 
and J/jt ■ 
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Fig. 5. Expected and observed limits in the (m OJ 
plane of the mSUGRA. 
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4 Search for Supersymmetric Top Quark 
Jets and $ T Final State 



Table 2. Optimized values of cuts, number of expected 
background and observed data events. A cut at Ifr > 70 
GeV was chosen in all cases. The values of Ht are in GeV 
while those for P — A<Pmax + A<P m in are in degrees. 
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For a given stop mass the set of requirements that ex- 
cluded highest neutralino mass was selected. 
Figure [7] shows distribution for A<P max +A<P min vari- 
able at the final stage of the analysis. The optimization 
criterion, expected background events and events ob- 
served in the data are shown in Table El The results of 
this analysis are shown in the final exclusion contour 
in stop neutralino mass plane in Figure[5] Results from 
previous searches have also been plotted. 



The mass splitting between the supersymmetric part- 
ners of top quark being proportional to the mass of 
the top quark can make one of the stops lightest of all 
squarks. In this search[3j, stop is taken to be the next 
to the lightest supersymmetric particle and assumed 
to decay into a charm quark and a neutralino via loop 
decay shown in Figure [S] The final state consists of 
two acoplanar charm jets and missing transverse en- 
ergy. The backgrounds to this channel are W and Z 
bosons produced in association with jets (both light 
and heavy flavor), multijet production, dibosons, sin- 
gle top and top pair production. 

In order to calibrate Z — > vv + jets background, Z — » 
e + e~ + jets events are studied. In order to correct 
for NNLO effects, pr of Z boson is corrected using a 
reweighting function derived from the ratio of Z boson 
Pt in data to that in ALPGEN MC prediction. 
The background prediction is estimated by normaliz- 
ing the contribution from each channel to the observed 
number of Z candidates in data. This in turn reduces 
the 6.1% © 15% uncertainty on luminosity determina- 
tion and theoretical cross section respectively to 4 % 
statistical uncertainty of Z — ■> e + e~ + > 2 jets events. 
After selecting the events on the basis of topological 
cuts, signal to background ratio is optimized by re- 
quiring at least one jet to be heavy flavor tagged using 
a dedicated neural network algorithm. This algorithm 
makes use of information from non zero decay length 
and impact parameter for tracks coming from the de- 
cay of a charm hadron. The final selection criteria are 
optimized using three variables Ht, I$t and A<P max 
+A<P m i n where A<S> max and A<S> m i n are the maximum 
and minimum of the angle between jet and fir di- 
rection respectively. For each set of requirements, the 
expected value of signal confidence level (CL S ) under 
the hypothesis that only background was present was 
evaluated using all stop and neutralino mass combina- 
tions taking into account the systematic uncertainties. 




Fig. 6. Loop decay of stop into a charm quark and a neu- 
tralino. 
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Fig. 7. The distribution of A<P max + A<P m i n at the final 
stage of analysis. 



5 Search for Supersymmetric Top Quark in 
Leptons, Jets and tf T Final State 

If t — * c\° and i — > bx^ modes are kinematically for- 
bidden, then stop will decay into a lepton, b quark and 
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a sneutrino via t — > blv. The event signature will be 
two b jets, a pair of isolated leptons and missing trans- 
verse energy. A search is performed in two channels 
where in one channel both leptons are muons [4] while 
in other channel one lepton is taken to be a muon and 
other an electron [5]. 

The main background processes imitating the signal 
topology are Z/"f*,WW,ti production and multijet 
background. All but the later are estimated with MC. 
The multijet background is estimated from data. The 
selection criterion includes the requirement of high pt 
isolated leptons, missing transverse energy and jets. 
The jets and missing transverse energy directions are 
required to be well separated from both leptons. In 
the dimuon channel a cut on the invariant mass of 
two muons is placed in order to reduce Z — > p,[i back- 
ground. The dimuon invariant mass is shown in Figure 

m 

After making the basic selection, the dimuon analysis 
requires at least one jet to be heavy flavor tagged us- 
ing the lifetime probability to be less than 1%. The 
lifetime probability is the probability for the tracks in 
a jet to originate from the primary interaction point. 
For heavy flavor jets this probability peaks towards 
zero while it is uniform for light flavor jets. At the 
last stage of the analysis both channels make use of 
the discriminating variables in order to separate sig- 
nal from the background. One of the discriminating 
variable "St" defined as the sum of the pr of electron, 
muon and $t is shown in Figure fTUl Instead of cutting 
on the discriminating variables the number of signal, 
background and data events are extracted which are 
then used to calulate the final limit on stop pair pro- 
duction cross section. The final excluded region after 
combining two channels is shown in Figure 1111 
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Fig. 8. Stop neutralino mass plane excluded at 95 % confi- 
dence level by present search. The observed (expected) ex- 
clusion contour is shown in green (blue) solid (dashed) line. 
The yellow band represents the theoretical uncertainties on 
the production cross section due to PDF and renormaliza- 
tion and factorization scale. Results from previous searches 
are also shown. 
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Fig. 9. Invariant mass of two most energetic muons. 
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Fig. 10. Distribution of St variable in electron muon chan- 
nel. 
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Fig. 11. 95% C.L excluded region in the stop sneutrino 
mass plane for the observed (continous black line) and the 
average expected limit (discontinous black line); the yellow 
band shows the lower and upper bounds on the signal cross 
section variation. 
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